No other signals could be detected. We speculate that the GL ESR signal may come from the conductive π-carriers propagating in the interior of graphene sheets, while the FL ESR signal may stem from the edges of graphene sheets due to non-bonding localized electronic states. It is suggested that the long range direct/indirect exchange interaction between GL and FL C-related magnetic spin centers may lead to the reported RTFM, this pointing to C origin of the later.
Introduction
Carbon based materials, such as graphene, graphene oxide (GO) and graphene nanoribbons (GNRs) have recently attracted large interest both from scientific and technological point of view. In particular, graphene, a zero gap semi-metal, is characterized as "the thinnest material in our universe" exhibiting a two-dimensional (2D) honeycomb structure of carbon. It has a band structure showing two intersecting bands at two inequivalent k points in the reciprocal space. It exhibits novel electronic properties such as ballistic transport, massless Dirac fermions, Berry's phase, minimum conductivity and localization suppression [1] [2] [3] . It has been reported that graphene shows very high electron mobility (≈ 10 5 cm 2 /V.S) at low temperature [4] . It promises a diverse range of applications in microelectronics, high speed optical communication devices, in spintronics, and as room temperature gas sensors [5] [6] [7] [8] .
On the other hand, magnetism in C-based materials is a rapidly evolving field of research with strong implications for spin based information technology. C-based magnetism without magnetic elements, having only s and p electrons is intriguing, particularly, when extracted from graphene, a material touted as the basis unit for future spintronic devices owing to its long spin diffusion length, small spin-orbit (SO) as well as hyperfine (hf) couplings [9] . Understanding the origin and basic mechanism behind the magnetic behaviour of C-based materials and engineering ferromagnetic (FM) carbon structures has been of prime importance since long. In their theoretical work, Yazyev et al. [7] have concluded that flat-band quasi localized (QL) states induced by point defects are responsible for magnetism of graphene. Lin et al. [10] have argued the importance of electron-electron interaction and carrier concentration in explaining the FM properties of GNRs. Theoretical calculations of Sawada et al. [11] indicated that zig-zag GNRs (ZGNRs) exhibit anti-ferromagnetic (AFM) phase and also argued that magnetism can be induced by carrier doping. Lehtinen et al. [12] have calculated that the magnetic moment due to an adatom defect is 0.5µ B , µ B being the Bohr magneton while a vacancy has a magnetic moment of about 1µ B , with both defects prone to induce spontaneous longrange FM ordering. In fact, a defective graphene is predicted [13] and scanning tunneling microscopy (STM) techniques performed on HOPG sample revealed that 2D networks of point defects exhibiting localized electronic states are the main source of magnetism.
As described above, though there have been several experimental studies on HOPG exploring its magnetic nature, not much experimental work [19, 20] has been reported to investigate the magnetic nature of graphene, a building block of HOPG.
Theoretical predictions suggested that the edges and defects present in graphene enhance the DOS, which further leads to a FM phase. As predicted, the later exhibits a phase transition from the FM to paramagnetic (PM) state, that is of first order [21] . Such predictions would need experimental verification.
Wang et al. [22] have recently experimentally reported the RTFM in graphene (G-600) by using DC superconducting quantum interference device ( 
Experimental
Samples studied were nm-scale graphene, denoted as G-600, prepared by the modified Hummer's method [22] . Separate samples were additionally annealed at 800 o C in Ar (1 atm) for ~ 3 h (sample G-800) or (1 atm) at 600 o C for ~ 2 h (sample H-G-600).
Conventional K-band (~20.6 GHz) first harmonic ESR measurements were performed at low temperature (T ≤ 10 K) [23] , with the spectrometer routinely operated under conditions of adiabatic slow passage. The areal spin density was quantified by the double numerical integration of the derivative absorption spectra of the computer simulated signal. Absolute spin densities were obtained making use of a co-mounted calibrated Si:P intensity marker of g(1.7 K = 1.99876). The modulation amplitude (B m ) of the applied magnetic field and the incident microwave power (P µ ) were restricted to levels not causing (noticeable) signal distortion. No K-band measurements could be performed for T ≥10 K because of drastic deterioration of the quality factor 'Q' of the microwave cavity likely due to the strong semiconducting nature of the graphene samples.
Experimental Results and Analysis
Atomic absorption spectroscopy (AAS) indicated that G-600 does not contain significant amounts (~ 48.6 ppm) of magnetic impurities (Fe, Co, Ni). DC magnetization measurements were performed on G-600 and G-800 using the SQUID technique by sweeping the magnetic field (H) at fixed Ts of which the first results were published previously [22] . we have applied ESR in an attempt to uncover the magnetic species (defects) giving rise to the appearance and disappearance of FM in G-600 and G-800, and address the possible mechanisms leading to FM. In the following sections, we present the K-band ESR results obtained on G-600, G-800 and H-G-600. 
G-600

G-800
Wang et al. [22] have shown that FM has disappeared in G-800, which in view of the results obtained on G-600, would make ESR analysis of much interest. Accordingly, Kband ESR measurements have been carried out on G-800 down to1.8 K. The obtained spectrum is shown in Fig 2. Measurements at higher temperatures ( ≥ 4.2 K) were drastically hampered due to excessive cavity loading. As illustrated by the ESR spectrum observed at 1.8 K, no ESR signal could be detected originating from G-800, either intrinsic or extrinsic in nature. This result suggests that the disappearance of FM after TA at 800 o C, may be linked to elimination of ESR active centers [22] .
H-G-600
To further assess the nature of the above revealed defects (GL1 and FL1), in a next step, G-600 was treated in H 2 at 600 o C, Fig. 3 
Discussion
We speculate that the GL ESR signal arises from the conductive π-carriers propagating in the interiors of graphene sheets, while the FL ESR signal may stem from non-bonding localized electronic states at the edges of graphene sheets. We further propose that the long range direct/indirect exchange interaction between GL and FL Crelated magnetic spin centers may lead to the observed RTFM. Previously, various forms of hydrogen-adsorbed defects have been suggested as possible origin of localized magnetic moments. The current results, with no obvious presence of hyperfine (hf) structure, can be taken as negative evidence for that suggestion.
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The findings of Wang and co-authors [22] are well corroborated by our current ESR results in terms of the appearance and disappearance of ESR signals in G-600 and G-800
respectively. The ESR data would disqualify the extrinsic metallic impurities as the possible origin of RTFM. From the ESR results, we also infer that the proposed defect is not a di-vacancy, as no forbidden ESR transition, a characteristic feature of spin S=1 centers, could be traced.
The question of magnetic ordering in defective graphene at finite temperatures remains largely unaddressed. Regarding the mechanism for the formation of the FM state in G-600, among others, the defect mediated mechanism appears to be the favored one.
The single atom and localized defect mediated mechanism has been addressed in a number of publications. The current results, reporting the presence of two paramagnetic centers, may suggest such interpretation, meriting some further discussion as to the possible origin of FM in G-600: (i) as known, graphene is a bipartite lattice with two interpenetrating sub-lattices. According to Lieb's theorem [25] , a single vacancy (defect) results in the formation of a local magnetic moment with S = 1/2. From the theoretical calculations, it is known that magnetic moments pertaining to the same sublattice couple ferro-magnetically while moments pertaining to different sub-lattices couple antiferromagnetically. Clearly, the later case does not apply here. Based on the fact that FM is observed in G-600, one may argue that the magnetic moments present in the same sublattice would give rise to such a phenomena.
(ii) Next, it may also be proposed that the RKKY-type interaction [26] among the magnetic moments via conduction carriers present in the same sub-lattice can also lead to FM features. (iii) It may also be possible that the interaction between sp 2 and sp 3 type spin units can give rise to the reported FM [14] .(iv) Finally, it has also been argued that the negative Gaussian curvatures in graphene-layers [27] and weak magnetic coupling between the individual layers may lead to the formation of localized magnetic moments [13] .
According to a study [28] , based on density functional theory, of magnetism in proton-irradiated graphite, it has been concluded that the H-vacancy complex plays a predominant role in the magnetic behaviour. Yet, as mentioned, we failed to find any indication for such hydrogen-vacancy complexes from ESR finger print signatures. Also, should there be unobserved unpaired electron involved on an edge oxygen, an anisotropic g value is expected which would reflect in the observation of powder pattern line shapes, unlike observations.
Summery and Conclusions
Low temperature electron spin resonance measurements have revealed the presence of two distinct paramagnetic C-related spin centers in graphene prepared by the modified Hummer's method, which were found to be eliminated after thermal annealing 
